In their paper "Evolutionary correlation between control region sequence and restriction polymorphisms in the mitochondrial genome of a large Senegalese Mandenka sample," Graven et al. (1995) provide a comprehensive comparison of mtDNA RFLP and control region sequence data from a West African sample and show that these two types of genetic data yield congruent results. However, we believe that one aspect of their paper deserves further scrutiny. Graven et al. maintain that "the distribution of nucleotide differences between pairs of haplotypes . . . does not show the bell shape typical of populations having passed through an important demographic expansion . . . but is irregular and presents several peaks, as commonly observed in a sample drawn from a population at equilibrium." However, they provide no statistical support for their suggestion. We performed simulations of stationary and expanded populations as described in Harpending et al. (1993) and found that while stationarity cannot be rejected, as Graven et al. suggest, neither can models incorporating demographic expansions. Either case has interesting implications for human demographic history, which we discuss later.
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We simulated populations with varying sizes and degrees of expansion in order to investigate values of raggedness expected for each model. Values of final 0, where 9 = 2N,p,.. ranged from 1 to 300. Smaller final 8s did not fit the data at all, and therefore we provide no simulation results for 8 < 1. If we use the Harpending et al. (1993) mutation rate u = 8.6 X 10e5 per year for 751 sites in the mtDNA control region and assume a generation time of 25 years, the mutation rate p. equals 2.9 X 10m6 mutations per site per generation and the values of final 9 correspond to final effective population sizes of 170,000 to 52,000,OOO females. It is important to note that these population sizes should not represent the population size of the Mandenkalu per se but a wider, West African population united by gene flow. Our simulations are of a time scale of tens of millennia, while ethnic groups form and reform on a time scale of centuries.
Degree of expansion ranged from 1, or no expansion (i.e., the population is stationary), to lOO,OOO-fold. Thus, for example, when a model of l,OOO-fold expan-sion is combined with a final 8 of 10, or final effective population size of 1,700,000, this implies the initial effective population size is 1,700. Other important parameters for these simulations include the amount of mutational time that has passed since a demographic event, 7, and raggedness of the mismatch distribution, r. We estimated T to be 13 units of mutational time from the Graven et al. data, as described in Rogers and Harpending (1992) . We also calculated raggedness from the Graven et al. data set. Raggedness is a quantification of the smoothness of a distribution; a smaller value of raggedness means a smoother distribution. We computed raggedness with the method described by Harpending (1994; Harpending et al. 1993 ) where with d being the maximum number of differences in the mismatch distribution x. Using this formula, we estimated the raggedness of the Graven et al. histogram to be 0.00718. The simulation program assumed 7 = 13 units of mutational time and generated an empirical distribution of 1,000 raggedness values for each combination of final 8 and degree of expansion. The observed value of 0.00718 from the Graven et al. data was then compared to this distribution. A model of a specified combination of final 0 and degree of expansion was rejected if 50 or fewer simulations (i.e., 15%) showed a value of raggedness more extreme than 0.00718.
While models incorporating no expansion (degree of expansion = 1) or a slight expansion (degree of expansion = 10) cannot be rejected at the 5% level for final 8 values of 20 and 40, models of more drastic expansions also cannot be rejected ( fig. 1 and table 1) . In fact, models of greater' expansions are accepted for a wider range of final 8s. One hundred-, l,OOO-, lO,OOO-, and lOO,OOO-fold expansions cannot be rejected for final 8 values of 20 to 100 or 120. Assuming an overall mitochondrial mutation rate of 2.9 X lO-'j mutations per site per generation, the Graven et al. data fit models of no or slight expansion for a final effective female population size of 3,400,OOO to 6,900,OOO. The data also fit models of expansion for final effective female population sizes of 3,400,OOO to 17,000,OOO or 21,000,OOO. The Graven et al. (1995) data fit models of demographic expansion just as well as they fit models with no or slight expansion.
We also performed simulations to test raggedness and mean sequence divergence simultaneously. In these simulations, we plotted raggedness and mean sequence divergence for each of the 1,000 simulations. We used represents those models which could not be rejected at the 5% level, i.e., those models for which there were more than 50 trials with raggedness values more extreme than OS071 8, Light shading represents those models of final theta and degree of expansion which could be rejected at the 5% level.
Mahalanobis distances from the center of mass of the scatter plot of raggedness and mean sequence divergence to create a 95% confidence interval (Rogers 1995) . We compared the Mahalanobis distance of raggedness and mean sequence divergence from the Graven et al. data to the 95% confidence interval of each model. A model was rejected if the Mahalanobis distance calculated from the Graven et al. data was 95% or greater. Results were similar {table 1) to those in the one-parameter tests of raggedness described above, with a few slight differences. Compared to the oneparameter simulations, models could not be rejected at the 5% level for 3 greater range of final 0 values for higher values of degree of expansion (1 ,OOO-to lOO,OOO-fold).
These simulations show that it is too early to state that these data reflect a population that has not undergone a demographic expansion. Statistically, models incorporating expansions up to lOO,OOO-fold cannot be rejected. Other tests with higher statistical power will be necessary to support or reject models of stationarity and expansion. Perhaps tests incorporating number of segregating sites and the spectrum of those sites would be appropriate (Hudson 1990 ).
Although we were unable to show statistical support for either demographic expansion or stationarity, the results of these simulations do reveal some interesting points concerning population genetics in West Africa and human population history as a whole. The high final effective population sizes of the statistically supported models emphasize that these results are not specific to the Mandenkalu but apply to West African populations as a whole because of gene flow, as originally noted by Graven et al. (1995) . While these simulations have nc implications about present-day Mandenka demograph or ethnic specificity, they do show that ethnic groups su ephemeral over the millennia. This pattern has been 01 served in other groups in other areas of the world (e.8 Sherry et al. 1994, p. 768) .
Furthermore, while Graven et al.'s suggestion t no population expansion occurred in West Africa equivocal even after these simulations were perforn either scenario has interesting implications about hu population history. If an expansion did occur in population, this observation is consistent with evid from previous studies of Pleistocene expansions it rica (Harpending et al. 1993; Sherry et al. 1994; R 1995; Rogers and Jorde 1995) . On the other hand. is not sufficient evidence to reject the null hypothl stationarity. If hum&i population history has bee ries of daughter populations budding off and unde demographic expansions, population stationarity African populations may imply that this populat direct descendant population of an ancient, parer ulation that never expanded. This situation wou important insight into the geography of moder origins. 
